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WITC2  S tudies  o f  tl~c l)isk  and Jet of IIH 30

Abstract. I Illl)l)]c SI)acc ‘JklcscoI)c illlagiil~ of 1111 30 lRS rcivalcd this
01 )jrct to 1 )C a l)rot oty])c yOIIIIg stellar ol)jvct (W()) accretion disk systun.
A]) ol)t ical]y tl)i[li circ[]l]wt char al)sorl)t io]l (Iisli, 4.50 All ii) dialllctcr,  is
SWI1l  cxte])(lillg 1)(’1})(’ll(li(”lll:~l  t o IIigllly collillmt d l)il)olar jets. ‘1111(1 je t
widtli is rcsol~wl ill tllc  t ralwk’(irsr (lirwt ion and illclcascw w’itll distallcc
f[ull tllc  C(’l)tra] star. ‘J’11(’ siz(’ illl(l ag(’  of t IIC {liSli colll])arc  WK’11 tO tllC
(’arly solar IIC1 )IIla (l(lrillg l)lallct forlllat ion. 1111  30 is tllc  first YS() diSli
NW ol)smwl at 14 AIJ rw)lllt ion, ali(l t lW first vimwl C1OSC eimugli to
d~f’-oll t IIat t 11(’ v(’rt i(”ill  St I’ll(’t 111’(’ of t 11(’ (liSli is Cl(’al’ly  visil)lc. ‘llll(%C
11S’1’ illlag(’s of 111130 ofl(’1 t llc filst -eve’r ol)I)ort Llllit y to dilwt l-y Illcasurc
t llc flaring l)rofil(’ of al) asl rol)llysical accmtioll  CliSli. \T’c llaw’ (’0111] )atd
t lw i]tmges to lt)o(lcl l]cl)lllositios calcllla( (Y1 ill l)ot 11 lnultil)lc  all(l sillglc
scat, twillg  r(’gilllcs, ill t I)C lat t m c:~s(I Iris (l)i-sqlmr{d  lllillillliz:~tiol). ‘J’llis
a]lalysis cmlst railis tll(~ circllllwt cl]al  {Iclmity (list ril)llt ic)ll and grain scat-
tcri]]g ])rq)crt  its. A l)ricf  sl]]]]lllary  of t lIC rcslllt,s is ])rescllt d lICKI; fllll
(lctails  all(l rcf(wllws al)l)t~al  il) ll~lrro~irs ct (Il., AIJ. J. ( 1  996).

1. lntroduct)ioll

111130 is a IICl )(11011s  lot$-ltiass st al ill t II(’ ‘J’allr(ls st al forl[lil)g cloll(l, locat d llcar
111, ‘J’allri. ‘1’IIc systcllk is collLI)os(Kl of a ~rolllig stellar ol),jcd and its associatwl
c]nissioll all{l rcflwtic)ll lLel )Illac. ‘1’llc cl[lissioll lIC1 )ulae lmw’ tllc  foll]l o f  twv
cc)llilllatrcl jets  locat C(1 011 o])] )ositc si(lcs of t llr st al all(l flmt’illg llcarly  ill tllc
l)lilll[’  Of tll(’ Sli~. ‘J’llc stc]lal coilll)ollcl]t is qllite  faint . No rclial)lc  mtillctioll
csti]lmtr  mists, and tlklls tlw s t e l l a r  llllliillosity  i s  IK)t ~vcll collstraild. l’ar
illfralwl  and lllillilnetcr  wa~rc~l(’llg(  1) cxwss  c]tlissioll lHVQ l)c(LII lllcasllrc(l  for 1111
3 0 ,  1)11( tllc  ilkfcrml cil(llltlstcll?ll  IIkass is slllall (= 10” ‘] LIc)). l’;xistillg  (lata
ol]ly ])mrly  colwlraill  tllc  ill framl s])cct ral clkrrgy dist ril)llt iol~.

2. Observations & ]{csults:

ol)s(li~itiolls” ill V ,  1{, all(l 1 l)all(l filtws  wtw IIMlC 10 Ilm]ltlls aI)art ill 1994
all(l 1995. At tll(, (Iistallcc  o f  1 1 1 1  30, tllc  IT71’’1’(;2 callictas  ill ~vidc-ficl(l  II IOCIC

])rmid(~ a sl)atial r(w)l[lt io]l of 14 A7J l)(,r l)ixt,l. ‘J’l IcstI illlj~gw (sccL Fig. 1 ) Icvcal
tllc  follolvill.g fac(s  al)ollt }111  W:
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‘]’],( ((,]ltl:[] st:)l jS ]lot (]jl((t]~,  S(Y,l I - ]111 30 is (]lt il(,ly ]I(l)lllc)sity at ol)t ical
Wm’(’1(’llgtlls

‘1’11(’ }111 30 ]1(’l)lll(wi(  i(’s ill’(’ (l(’;ll’l~r l’(w)l~’t’(1 illt 05 (oltl])ollcllts:

1 .  A  I)rigllt, lligllly (ollilllat  ml (J]]]issioll lillc ,jrt (Ixt(]l(lillg NTIY1)

2. A  faint collllt(’]-j(t  (xt(]l(lillg SS\\’

3. A  I)rigllt rcflmtioll  ]I(il)lllil iit tlI(J 1):(s(, of tll(’ I)]igllt j e t  ~vllicl]  cxtcli(]s
syltllll(’t]i(;illy  450 AIJ :I(MHS tli(~ jet axis

4. A faint rcflccti(j]l  11(’1)111:1  :Lt tll(~ lmsr of tllc) (olll lt( ,r . je t

5. A {lark al)sor])t io]l lall(’ at t 11(~  ((’lltcr  of t ]Ic syst (’III, sclm~at i118  t ]lc
ttvo jrls :LII(I reflect io]) ]It’l)lllac fro]] I (’:1(11  ot IIcr

‘1’llc cc]lt ral illllillillat illg sOIIM(” is Iwlial)l(’: at t ]lr SW()]I(l el)ocll, tllc  rc-
fl(’(lio]l 11(’l)lllac IIa(l  f’il(l(’(1 ill I)]iglll  11(’ss l)~r 4004.”

‘1111( I)rigllt ljlll(wllift(xl jot II:is a l~\l’llhl ICSS tll:lll 25 AIT at tllc IMSC of tllc
]cflutioll llcl)~llt( all(l :111 o]w]lillg allgl(, of 3 (Icgtw,s ~vitllill 700” A[J of tile
s( al’. ‘1’11(’ iollizc(l j(’t i s  ]Illlcll  llill’l’ol\r(’l”  t  11:111  t  11(’ (lcar(’{1 r(’~io]k rm’cald
l)y t IIC rcflcctio]l  11( ’l)lllil,  ill(li(dt i]lg 1 ll:~t t lIC Collilllat  ion llllu+t occur vu’y
(’10s(” to tll(’ star.

]<llots ill t Ilc j(’( all(l col]llt (’r-,jct lldi’(’ ()])l)()sit  c]y (Iir(,(t (’(l ])ro])cr Illot ions
(ollc’s])[)]](lillg  t o ]):lt t crll S] KWIS ra]lgillg fIolt I 1 ()()-3()() 1:111 s- ]

‘1111( t~])i(ill jot knot sl)a(i]l~ i s  I(K) AIJ, ~vl]icll  (()]lll)i]lc(l \\’it lL tllc l)ro])cl
]Ilot  imls s(lgg(,sts t hat II(I\\’ knots (,111(’Ig(,  ftx)ltl t 11(’ SO III X(* (,~r(’ly f(’~v years.

3. ModcliIl~ tllc llcflcc.tio]l Ncl)lllosity

l)lwt ill t 11(, (ii(lllllst(’llill (lisk r(’fl(’(. ts light froll] t llc (.(’111  ra] st t~r aII(l l) Io(luces
t 11(’ 01 )S(’rl’(’(1 r(,fl(’ftio]l IIcl )Ill(wit  i(’s at t 11(’ (Iisli’s Il])])m’  all(l l(nvcl. sllrfaccs.  N’lodcl
]l(’1 )11121(’ (’2111 1)(’ (’dl(”lllilt  (’{1 fol tl s])(’cific(l (Icllsity (Iistril)lltioll.  A = ().8 jlll) is tl]c
l)rcfcrrc’(1 wa\Tcl(IlistlI to (:ilclllatc ]Icl)IIla 111()(1(’ls,  a s  tllc 11S’1’ I l)alld illm~e i s
1)1(’clc)]llill:~lltly r(,flm,t ion ]1(’l)lll(wit~r \vit 11 lit t I(’ (ollt lil)llt ion frolll jet clllissioll.
11’r ]llal<c tll(’ f’ollo~fitl~ :Issll]lil)ti(j]ls:
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2. SiT/,q/(:  s(ntlc?it~,q TJI(MI(l:  1 II t his al)l)lx):l(ll, t II(’ 11(’1 )IIla I )rigllt II(ISS collt ril)ll-
t iol] is (al(l]lat(’(1  fol (I:i(lI lrolllltl(” Cl(’lli(’l]t  ill t 11(’ (I(,]lsity (list ril)llt ion all(l
t 11( ’11 l)ro,j(’(’t  (’(1 Ollt () t )1(’  sky. ‘1111(’ 10(:(1  l)liSllt Ikcss (ollt lil)llt ion is ~tr(’igl]tml
a(’(’or(lil].g its olmcity, t 11(’ ill~’(’rs(~ S(lllarc lil\V, t 11(’ glaill  ])1 Ias(’ f(lllct ion, aIId
t 11(’ cxt ill(t ion t(mwl(l tlI(’ st al alI(l to;val(l t 11(’ ol)s(Irv(II. Collll)llt at io]lally
this is ]tlll(ll fast(’l;  :tl )ollt 2 ]] Iillllt (’s :11(1 l(qllire(l  1)(I] ]110(1(’1  run, allowill~
X2 ]tlilliltlizalio]l to 1)(’ illll)l(’]tl(’]lt(’(1 to (1(’tc]lllillc tllr ljcst- fit ltio(lc].

4. Conclusions froln tile  ]nodcling w o r k :

●  Al] ol)s(!rvil)g lilt it 11(1(’  i 6-8 (1( ’p,t(vs is 11( ’( ’(1(’(1  t () ]t I:lt (1] t llc I )rip,llt Ikcss
]at i(j of tlic r(’fl(}(t  ion ]1(’1 )lllosit i(’s. ‘J’llis is so]t le~vlmt larger t hall t lIC ill(”li-
]Iat io]l illf(’rl(’(1 froltl t 1[(’ j(’t l’il(lial I’(,lo(it i(vi :111(1 1)]01)(’1  ][lot io]ls.

● l~ol’~tr;il’(l S(ilt t (Lli]]g (lllst  gl’ilills al’(’ 11( ’( ’(1( ’(1 t () 1’(’])1’()(111(’(’ t 110 C(’llt 1’:11 l)rigllt-
(’]]ill~ of tll(’ r(’fl(’(”tio]l ]1(’l)lllosit i(’s. l~or a 11-(; l)ll+is(’ fllllct io]l t llc’ l)cst-fit
:lsyllllllctl’y  ])al’alll(’t (’1” (/ ~ ().64, lvlii(li is consist (’lit \\ ’it 11 II~olr r(xcl)t  (\(J-
t(’lltii}latiolls  of” tll(’ ISLI lwlll(~ at A = ().8 /1111.

●  ‘J)lm (lid< lLmss is  s]lmll. N1(KI(IIs \vit II lli:lss(vi p,rvat (1 t llali > 1()- ‘] Mc,
l)ro(lll(c  all 2L1  )sorl)t ion lilll(’ t lmt is t ()() \\ri(l(’ for 11( ’ally al] clloic(’s of t lIC
otll( ’1” 1110(1 (’1 ])ill’ill ll(’t(’l’S. ‘1’11(1 1)(’st fit ]Ildss is 4x10” ‘1 il!fc of  (lllst+gas,
‘J’llis is it l(nir(,r lilllit,  l)~lt it is colwistellt \vit II t I](, (lisli lII:ISS i]lferr(d  fro]!l
tllc  ]Ilillilll(’t(,l colltillllllltl  (J]llissioli.

●  ‘J’11(~  (lisli  slllf’ii((, (lrllsit j’ I)rofilc is collst raill(!(l l)y t II(I  (Lxt ilict ion \ye  a(lo])t
t ()\\raI(l t II(’ (( ’llt]:il st ilI; A~- ().8,,,,, lllllst CX((YYI 24 ]IL;Ig ill [)1(1(~] t o a((ollllt
for t 11(! f:~illt 1( ]tliigllit  I](1(  of t II(! st ill. l~l;it slllfa((’  (Icllsity l)N)fil(Is (10 Ilot
1)1o(1II((  (’IIOIIglI (Ixt illct ion, illl(l t 11(’ St ill 1)(’(’olll($  (Iir(’(”t ly visil)l(’ ill sllcll



lllo(l(’ls. St(’(’lx’r Sllrf’d(”(’  (1( ’]lsity l)l(jfil(’s l)li~(’(’ 11101’(’  ]tl:(tcrial  closcl’ to  tll(’
st ilr, ])w~’i(lill~ ]IIor(I (’xt ill(t ion alo]lg t 11(’ lillc of sight t llroll~ll t 11(’ (lisk h
a fixc(l (Iisk lII:ISS. 0111 I)(wt -fit sol(lt i(nl lIas 1)=().8

●  ‘J’li(’ SC2L1(I 11(’i~llt rii(lial l)(nv(’r latv ill(l(’x is not lllli(lll(’1~”  (Icte]llliil(’(1. ‘J’licre
is a g(’olt 1(’t rical (1( ’~(’11(’l”il(’~  I )( ’lIY(’(’11  t 11(’ t lV() lml’dlll(’t cl’s ill t lIC S(.dlc lwigllt,
liL\V 11(1”)=- 11(](1”/1’())’~:  1+11”~(’1’ /j ( ’ i I l l  1)(’ (’()( lllt(’l’tl(”t(’(1 l)J’ ~1 S1[I;III(’1’  110 O1rCl”
t 11(J 01 MIrwI(l r:tllgc of’ ra(lii. ‘I’l KIr(I is sillllllt al I(Iousljr aII “(’xtillct iml” (l(’gcII-
(Ir21(y  lwtw(w] /j :LII(I fK to ]Imi]lt:lill tlw SaIII(I (WIUIIIII (Ic]lsity (cxtillctioll)
toward t IN star,  f) lll~wt ill(wwsc :IS /; ill(wwcs :111(1 vi(vvcrsa. ‘I’l Kw ilk
t(’ra(tillg  lmral]l(’tcrs 1)1()(111((’  ii Iiilllily of solllt ions Ivit 11 (oIIkIN\r:tl)l(I A2
valll(s.  Ac((’l)tal)l(  f i ts  p,i~v 1.2 S Ii s 1.5, ~vllil( 16..5 AIJ > 1 1 0 2 1 5  AIJ.

~ l{clating  tllc 1111 30 i]nagc  fitting  rcslllt,s to a{:crction  disk theory

●  ‘1’11(, fittc(l  scal(’ 11(’igllt  (l(~t(,r]llill(w t 11(’ local {1~’ll:~llli(:(l t (Jllll)(’lt IIMI ill tllc
cwc of ILy(lroslatic (J(lllililnilllll. ‘1’1](’ fit t ill~ r(’slllts fol 110 illll)ly

‘J’(, = 50 M(iV,., ) (}1 0 AIJ)/l  L.[))z
for Nl= 0.67 N’I,., dll(l 1 1 0  = 15.5, ‘J’[, =- 34 Ii at r,, =. ]()() All

●  ‘1’lIcL fit t illg r(v+lllts for 111(’  fl:~rillg (xl)ollcl]t  [i collkt l:~ill tll(’ tcltl])rrat  Illr
l)otv(,r law’ i]l(l(’x q to li( \vit IIill t II( rallg(’ 0.6 >  q > 0.0. ‘J’11(’ory l)r(di(ts
q =- 0 . 7 5  (Ii ❑ 1 .125) ill t 11(’ cds(’ of :1 st(’a(ly-stat(’  a(’(r(’t ion {Iisk or f o r
a grmt]  (’t rically tllill lmssiv(’ r(q)roccssillg disk. Sll(’11 1110( 1(’1s 1)1’0(111(’(’ a

11( ’l)Illa tl]:tt is t ()() fl:(t, :111(I :iw 1101 (()]lsist(’llt Ivit 11 t 11(’ illltl$(’s  of 1111  30.

●  A(l(litiollitl tl](~ol(’t  i(”;ll illsi~llts l(,ii(l to t ILc clmicc of :i l)lcf’(~lld  J+LII1(I f o r
tll(’ S(’?11(’  ll(~igllt  ])()\V(’1’  lilIV ill(l(~x j~. ‘1’llr I(NV (Iisk ltl:lss (I(,tvl]tlill(’s tllal
lllc  (lisk is ()])! i(ally t IIill t () i ts  (nv]l  t ll(,r]tlal cllliwioll.  S11(11 a (Iisl:, i f
IIy(llost?lti(illly  s(ll)l)ort(’(1 ~LII(l ill ra(liati~’(, tll(’rlllal (’(l~lilil)rilllll v’itll tll(’
(’(’l ltral stal, is (()]lsist(’]lt \vit II t 11(’ illl:~g(~ fit t illS lcslllts only lvllcll /~ = 1.45.
III this c:wc, tll(’ (Iisl: t(’]111)(’l+ltlll(’  (1(’(lill(w s1(Nv1}’ Ivitll la(li[ls  l)(Y:IIISC tllc
syst (I]ti al MJrlH \’isil)l(’ st arlixllt ]1111(11  11 lolv (’fli(”i(’lit ly t Ilali it call rc-ra(liat  c
t lic (111(’rgy  a~vity ill t I](’ it [f”ral(’(1.

● Ac(r(’lioll  s]iolll(l (OIISIIIII(”  tll(, 1111 30 (Iisk ~vitllill 104-l  or’” years. ‘J’llis (~sti-
]Ilatc is siltll)l~r  tll(’ SIII:III (lisk ltlass (< 10- ‘{ Ll,,, ) (ii\’i(lc,(l l)~r tllc  (x1)(Y”WI
]tlass a(cwt  ion rat(, (> 10” s hi , . ,  }’1- 1 ). ‘1’lklls  TV(’ ~’i(~]v  t IIis systclll  11(’ar
t II(, (~]1(1 of its (JI’01111 io]l. ‘1111(’ r(lllaillill~  (Iisk ]tl:lss is 1)(’rlml)s a factor  of’
1 0  slIIall(v tllali tll(’ lllillillllllii-lii:iss solar 11(’I)III;I.
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